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induced by benzo[a]pyrene or other polyaromatic hydrocarbons Epidemiological studies have indicated that reduced DNA and arylamines are removed effectively by the NER pathway repair capacity and increased DNA adduct levels are (6) . In xeroderma pigmentosum (XP), patients have an extraassociated with increased risk of lung cancer. Nucleotide ordinarily higher rate of skin cancer because of a genetically excision repair (NER) is the major pathway in humans determined defect in NER (4). Other cancer-prone patients for repairing DNA adducts induced by smoking-related who have deficient DNA repair also have a higher rate of carcinogens, such as benzo[a]pyrene diol epoxide. We internal cancer (7) . hypothesized that genetically determined baseline expresPhysiologically, the DNA repair capacity should be correlsion level of genes involved in NER is associated with risk ated with the level of proteins involved in DNA repair activity, of lung cancer. In a pilot case-control study, we measured which is controlled at the transcriptional level (4) . Therefore, the relative expression levels of five NER genes [ERCC1, it is conceivable that the baseline transcript level of DNA XPB/ERCC3, XPG/ERCC5, CSB/ERCC6 and XPC (ERCC, repair genes reflects a cellular ability to meet repair demand excision repair cross-complementing; CSB, Cockayne's synonce the cells are stimulated by carcinogen exposure. Although drome complementary group B)] in phytohemagglutininreduced DNA repair capacity has been shown to be associated stimulated peripheral lymphocytes obtained from 75 lung with smoking-related cancers such as lung cancer (2) and head cancer patients and 95 controls using a newly developed and neck cancer (3), few studies have evaluated the role of multiplex RT-PCR assay. Cases and controls were matched expression of DNA repair genes in the etiology of lung cancer. on age, sex, ethnicity and tobacco use. The expression level
We hypothesized that the genetically determined baseline of the β-actin gene was used as an internal control for expression level of genes involved in NER is associated with the relative quantitation. We observed a 12.2 and 12.5% risk of lung cancer. To test this hypothesis and use a newly decrease in the baseline expression levels of XPG/ERCC5 developed multiplex RT-PCR assay (8), we conducted a and CSB/ERCC6, respectively, in cases compared with molecular epidemiological study in which we measured the controls. These differences were statistically significant (P relative expression levels of five NER genes [ERCC1, XPB/ < 0.01) when the median expression level in the controls ERCC3, XPG/ERCC5, CSB/ERCC6 and XPC (ERCC, excision was used as the cut-off point, the lung cancer patients were repair cross-complementing; CSB, Cockayne's syndrome comsignificantly more likely than the controls to have reduced role in the etiology of tobacco-related cancers (2, 3) . One
Blood sample processing and culturing Lymphocyte cultures were prepared as described previously (10). Briefly, 1 ml Abbreviations: CI, confidence interval; CSB, Cockayne's syndrome complementary group B; ERCC, excision repair cross-complementing; NER, nucleoof fresh whole blood obtained from each subject was inoculated into one T-25 flask containing 9 ml of RPMI-1640 medium supplemented with 20% fetal tide excision repair; OR, odds ratio; PHA, phytohemagglutinin. bovine serum and 112.5 µg/ml PHA and then incubated at 37°C for 72 h. Cell culture should reduce any transient effect of serum factors on the gene expression. Stimulation by the mitogen, PHA, is also necessary (8), because unstimulated lymphocytes do not express proliferating cell nuclear antigen and therefore do not have active NER activity. After incubation, the cells were collected by Ficoll gradient centrifugation and washed with phosphatebuffered saline; the cell pellet was then suspended in 1 ml Tri-Reagent™ (RNA-DNA/Protein Isolation Reagent; Molecular Research Center, Cincinnati, OH) and stored at -80°C for later RNA extraction. Fig. 1 . Multiplex RT-PCR assay of five target NER genes and the β-actin gene in PHA-stimulated peripheral blood lymphocytes obtained from lung The multiplex RT-PCR was used to amplify the five NER genes as described cancer patients and healthy controls. Lanes 1-3, healthy controls; lanes 4-7, previously (8). Briefly, total RNA was extracted from PHA-stimulated lympholung cancer patients. cytes using Tri-Reagent™. For synthesis of cDNA, the isolated mRNA was reverse-transcribed using random primers (Promega Biotech, Piscataway, NJ) and Moloney murine leukemia virus RT (MMLV RT; United States Biochemical Co., Cleveland, OH). A 20 µl RT reaction mixture was prepared for each sample and contained 2 µg total cellular RNA, 4 µl 5ϫ RT buffer (250 mM Tris-HCl pH 8.3, 375 mM KCl, 50 mM DTT, 15 mM MgCl 2 ) (Bethesda Table I , San Leandro, CA). The bands on the negative image were scanned and analyzed by densitometry; the areas of the peaks were calculated in arbitrary units. To evaluate the relative levels of expression of the target genes coamplified in the same PCR, the value of the internal standard (β-actin) in the present study. We were able to measure expression in each test tube was used as the background measurement (1.00) of cellular levels of all five NER genes in PHA-stimulated lymphocytes gene expression in sample. The relative value was generated by calculating the ratio of the arbitrary units of each target gene to that of β-actin in the by multiplex RT-PCR, suggesting that all the five target genes same PCR.
Multiplex RT-PCR
with the β-actin gene in the same tube could be simultaneously
Statistical analysis
coamplified without producing other non-specific products.
Student's t-test was used to compare the differences in the relative expression An example of the gene expression pattern in the patients levels analyzed as a continuous variable between groups. For calculation of and controls is shown in Figure 1 . There was considerable crude ORs and CIs, the median relative expression level in the controls was variation in the relative levels of expression of the five selected used as the cut-off point for each gene. Ever smokers were defined as those genes. Using the β-actin expression level as a reference who had smoked more than 100 cigarettes in a lifetime; they were further (baseline expression, 100%), the relative expression levels of divided into former smokers who had quit smoking Ͼ1 year previously and current smokers, including recent quitters (within 1 year previously). Adjusted the five genes were consistently lower in PHA-stimulated ORs were calculated by fitting logistical regression models with adjustment lymphocytes obtained from lung cancer patients than in those for age, sex, race and smoking status. All the statistical analyses were from controls ( Figure 2 ). The differences in the mean relative performed using SAS software (version 6; SAS Institute Inc., Cary, NC). expression levels of the five genes between lung cancer patients and controls are listed in Table II . Statistically significant Results reductions in the expression of XPG/ERCC5 (-12.2%, P ϭ 0.001) and CSB/ERCC6 (-12.5%, P ϭ 0.004) were found in The demographics of the subjects are given in Table I . The mean ages of the patients and controls were 58.6 Ϯ 10.6 and lung cancer patients as compared with that in controls. There was no apparent association between gene expression and age, 60.2 Ϯ 10.3 years, respectively; the difference between the two means was not statistically significant. There was no sex, ethnicity or smoking status (data not shown).
In logistic regression models including age, sex, ethnicity, significant difference in the distribution of sex, ethnicity and smoking status between cases and controls, suggesting that smoking status and the relative gene expression levels, a significantly increased risk of lung cancer was associated with the matching was adequate.
Using serial dilutions of cDNA, we have demonstrated reduced expression of XPG/ERCC5, CSB/ERCC6 and XPC (P Ͻ 0.01). Individuals having low expression levels of these previously the linearity of multiplex RT-PCR amplification of the five NER genes and β-actin gene over 25-30 PCR cycles genes exhibited a 2-fold greater risk of lung cancer after adjustment for age, sex, ethnicity and smoking status (Table III) . (10). Therefore, we selected 29 cycles for all PCR reactions NER genes in lung cancer patients
Discussion
In this study, we measured the relative expression levels of five NER genes in PHA-stimulated peripheral blood lymphocytes obtained from 75 lung cancer patients and 95 controls using a newly developed multiplex RT-PCR assay. We found that lung cancer patients had significantly reduced expression levels of XPG/ERCC5 and CSB/ERCC6 when compared with those of the controls, suggesting that low expression level of these NER genes may be associated with an increased risk of lung cancer. These findings are biologically plausible. In addition, we have demonstrated previously that reduced DNA repair capacity as measured by the host-cell reactivation assay is associated with an increased risk of lung cancer (3) . Based on these new findings, we postulate that the previously observed lower DNA repair capacity in lung cancer patients may be the susceptible to chemically induced skin cancer than are wildtype and heterozygous mice (12) due to mutation of the CSB/ ERCC6 gene, which influences and inactivates the coupling of transcription and repair, and results in the loss of normal the findings need to be confirmed by larger studies. There are ubiquitous environmental toxicants and endogenous metabolites that can cause DNA damage, and apparently normal individuals with low levels of expression of DNA repair genes may have a low DNA repair capacity. If cellular epigenetic mechanism may exist and influence the expression
